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A Study of Burnup Analysis Method for Irradiation Test
of Rock-like Plutonium Fuel Sample Performed at JRR-3

Yoshihiro NAKANO , Hideki TAKANO and Hiroshi AKIE

Excess Plutonium Disposition Fuel Research and Development Team
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received June 17, 1997)

A study of burnup analysis method for the irradiation test of Rock-like Plutonium Fuel sample
has been performed. The samples have been irradiated in the irradiation hole in the beryllium
reflector of JRR-3. Computer codes used for the analysis are SRAC, ORIGEN2 and MVP. In the
calculation using the SRAC code, fine energy group neutron spectrum of the beryllium reflector is
caleulated. Burnup calculation of the irradiation capsule is done using the spectrum as a boundary
source into the capsule. In the burnup calculation for the capsule, two kinds of simple and detailed
models are considered and the results calculated are compared and discussed. Some calculations
are also performed with the ORIGEN2 code and the results are compared with those calculated by
SRAC. The accuracy of the results calculated with the SRAC code is examined as comparing with
those obtained rigorously by the continuous energy Monte Calro code MVPE.

Keywords: Rock-like Plutonjium Fuel , Irradiation Test , JRR-3 , Burnup Analysis , SRAC ,ORIGEN2
MVP , Beryllium Reflector , Neutron Spectrum , Boundary Source
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Table 1-1 Isotopic Abundance of Plutonium (atom %)

Isotopes

Isotopic Abundance

Pu-239

94.33

Pu-241

Table 1-2 Composition of Plutonium Sample Disks (mol %)

Zirconia Type

88.8710,+11.0Y,0;+0.2Gd,0;

Thoria Type

ALO,

65

Table 1-3 Weight of Plutonium Sample Disks (mg})

Pu Sample Type

Sample Case Stage

Disk Weight

PuQ, Weight

“1st

2nd

Thoria Type
3d

179.3 (5 disks)
153.5 (5 disks)

160.2 (5 disks)

35.47 (5 disks)
30.37 (5 disks)

31.69 (5 disks)

Sub Total

493.0 (15 disks)

97.51 (15 disks)

1st

2nd

Zirconia Type
3d

147.4 (5 disks)
153.8 (5 disks)

160.8 (5 disks)

33.95 (5 disks)
35.42 (5 disks)

37.03 (5 disks)

Sub Total

462.0 (15 disks)

106.40 (15 disks)

Total

955.0

203.91

e e ae
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BEHEO BT 7Ly X, s — A TR A NMLAICRE L, VLY AESS L
P D sE LT, AT B IR T 4 Y h . BB TFRICIZCoT A Y EMM L A, BEKT
. TVIVAESFEROHL. H v IREHEETHELL

Table 1-4 Average Temperature of Plutonium
Sample Disks during Trradiation (C)

Sample Case Stage Temperature
1st 710
2nd 1000
3rd 760
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Be Reflector

Standard Fuel Element Irradiation Hole -
Control Rod and O Irradiation Hole in the
Follower Fuel Element Be Reflector

Fig. 1-3 JRR-3 Core Configuration
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Fig. 2-1 Cross Section of JRR-3 Standard Fuel Element
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Fig. 2-2 Cross Section of JRR-3 Follower Fuel Element
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3. 1 SRACHE E7 /L &ORIGEN2 (PWRS 1 75 1) &DLEE
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ﬁ%ﬁﬁuhMﬁdﬁ‘ﬁﬁEWﬁﬁ%%%‘NQ%@%%%%&MWN%E@%TQ1@&%

mmmmnm?%fﬁum\z—Fm@ﬁﬁﬁ%éﬁfwémmmwa473Uf%b\
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Table 3-1 Burnup of Pu Sample Calculated with SRAC and ORIGEN2

Pu Sample Code Pu-239 % MWD
Thoria Type - 2 SRAC : 35.4 6.15E-3
(1000T) ORIGEN2 20.0 3.23E-3

H&E%Td\&MC%%%?W@OM&WN%Mﬁ%@%ﬁE&&ofw%oit\MWDT
am%ﬁwﬁt&ofw%oommmﬁ%%wmé&ﬁt&ofw5@m\ﬁ%%ﬁﬁﬁvv
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7?U®m4wi7uﬁﬁ%%ﬁ¢oit\Hg}nxmmf%%éhtﬁ%#wikwww

Ay PNVERT
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Table 3-2 Pu-239 Microscopic Cross Section of SRAC and ORIGEN2 {barn)

Sample Code Capture Fission N2N
Thoria . 2 ORIGEN2  5.861E+0] 1.062E+02 1.120E-03
(1000C) SRAC 9.691E+01 2.091E+02 1.077E-03
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Table 3-3 Fission Release Energy (MeV)

Nuclide SRAC ORIGEN2

Pu-241 213.46 211.37

U-233 200.32 200.98

DEDZ s, SHOEEEOANT PV, ORIGEN2DPWRS 4 75 ) BMERL 3Lz A
REMNEDBDOENHLRD, FE b L TR SN A —EMERCOREIREFELT
WA T ¥ . ORIGEN2OPWRI A 75 2 #D T THA LT, REBOREFERTIZLIZE

GIThvz &, BHAL %o

3. 2 SRACHSEEF/LEORIGEN2 (SRACT A7 Z70) L& LR DETEBR

BE % 47 o 724 T O EEHC 2 W T D BRBEET S % SRACHE] 5 £ 7L 3 X TFORIGEN2 # > T

§¥ 72, 7277 L., ORIGEN2TOFF&ITiZ, SRACHE B £ 7 L TR 7-Pu-2390 I 7 T WHHE %
W L7 %D F % Table 3-4127RF o _

Table 3-4 Burnup of Pu Sample Disks Calcutated with SRAC and ORIGEN2
Using Pu-239 Microscopic Cross Section of SRAC Simple Model

Pu Sample Code Pu-239 % MWD

TR T

Thotia Type - 2 SRAC 35.4 6.15E-3

(1000TC) ORIGEN2 33.9 5.82E-3

Zirconia Type - 1 SRAC 29.1 6.19E-3

(600°C) ORIGEN2 28.1 5.90E-3

Zirconia Type - 3 SRAC 26.6 5.17E-3

(800T) ORIGEN2 25.8 4 96E-3
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SRACIK- L B3R ¥ A D &, M v 7ELHT, DT T v 7 AVARLDE N7, 2
&Ewmﬁtﬁﬁéﬂtﬁﬂﬁ%%%ﬁﬁﬁ%<\kuu&E\7§vﬁzb&wﬁ%%ﬁ#o
73y B OREHL, BEELRDNS(hoTwh, T, FYTREVNIZTRTIE, BT
TiH LA, P TROFVBREESE L RoTWVh,
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Z. ORIGEN2T SRACTEE L 72Pu-2390 3 7 O EHE L EH L TV 5 DT, Pu-2390 R I
Euowfm\ﬁ:»Fﬁ@%%m~%TéN§%®?@éoC@EE&LTQ\MT®:k
ﬁ%i%ﬂ%OSMCﬁm\Kﬁéht%ﬁlivf%ﬂ—FWTE@%K%?Z?VT(%1
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ﬁﬁbﬁ(wéo:@tb‘§%7X?v7Tu\ﬁﬁﬁ%ﬁbfwétbm\7?771&
NRABEAET B Ll b BRIICSRACTH AT 75 v 7 Ak, BFT ATy T TOFY
959 s ATCHY ., ZOMEFORIGENZEAN LT 7T v 7 A—ETOREEI T > T o 2D
E31z. SRACTIHBT TAT v TR TT v 7 ACHREE L TWA DI L, ORIGEN2T
H“%@¥ﬁ7ﬁvﬁlfﬁﬁ%ﬁofw%oCQW%@%ﬁ\%$@%ﬁ§®%KﬁhTW
HZHDEFHEING,

3. 3 SRACHiS T/ ¥ ORIGEN2 (SRACT 17 F 1) ICLDXeERED
SHEER

PUREOBEBRE Y L LT, }Ly br— A0y F2 7 —RBRPITDR, Puif 5
NL v b — AR S i, BAELE M Th bXe /M ADHE, FRAE T bR,
Table 3-57 53-1047. Xe?D &R & 2D\ TSRACH 5 £ 7 VB L ORIGEN2 (SRACT A7 T 1))
kAT EEE, Yy FaT-HBRTOWNEE (OCTHORBICREBEL) 2RT. Xeh A&
BOFEMOTE () PORERE, FEMEOMBI/Y 7 F 27 —RBTHR SN ER
LTEY., UTTEIOEEHERLFRILIZT S,

Table 3-5 Calculated Value of Xe Production and Collected Value at Puncture Test
(Thoria Type - 1)

Pu Sample Ttems SRAC ORIGEN2 Collected

Xe Gas Volume (cc) 0.154 0.137 0116

(Release Rate) (75.3 %) (84.7 %) '
Xe-131 12.6 13.5 1.9

Thoria Type - 1 )
(600C) Isotopic  xc.132 18.4 19.4 18.4
Abundance

) Xe-134 25.8 26.8 26.0
Xe-136 43.3 40.4 43.7
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Table 3-6 Calculated Value of Xe Production and Collected Value at Puncture Test
{Thoria Type - 2)

Pu Sample Items SRAC ORIGEN2 Collected
Xe Gas Volume (cc) 0.174 0.154 0.145
(Release Rate) (833 %) (94.2 %) )
. Xe-131 12.5 13.3 11.3
Thoria Type - 2 '
(1000T) Isotopic e 132 18.3 19.2 18.5
Abundance
Xe-136 436 41.0 45.1

Table 3-7 Calculated Value of Xe Production and Collected Value at Puncture Test
(Thoria Type - 3)

Pu Sample Ttems SRAC ORIGEN2 Collected
Xe Gas Volume (cc) 0.157 0.139 0.004
(Release Rate) (2.5 %) (2.9 %) )
. Xe-131 2.7 13.6 12.0
Thoria Type - 3 '
®00C) Isotopic 132 18.4 19.5 19.4
Abundance
@) Xe-134 25.9 27.0 25.7
Xe-136 43.0 39.9 42.9

Table 3-8 Calculated Value of Xe Production and Collected Value at Puncture Test
(Zirconia Type - 1)

Pu Sample Iterns SRAC ORIGEN2 Collected
Xe Gas Volume (cc) 0.174 0.155 0.157
(Release Rate) (90.2 %) (101.3 %) )
o Xe-131 12.7 13.5 11.7
Zirconia Type - 1 )
(600°C) Isotopic  xe 132 18.4 19.4 18.4
Abundance
Xe-136 43.2 40.4 44.5
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Table 3-9 Calculated Value of Xe Production and Collected Value at Puncture Test
{Zirconia Type - 2)

Pu Sample Items SRAC ORIGEN2 Collected
Xe Gas Volume (cc) 0.197 0.175 0.146
(Release Rate) (74.1 %) (83.4 %) '
. Xe-131 12.5 13.3 11.1
Zirconia Type - 2 ' .
(1000T) Isotopic  x¢.132 18.3 19.2 18.4
Abundance
(%) Xe-134 25.7 26.5 254
Xe-136 43.5 41.0 450

Table 3-10 Calculated Value of Xe Production and Collected Value at Puncture Test
(Zirconia Type - 3)

Pu Sample Items SRAC ORIGEN2 Collected
Xe Gas Volume {cc) 0.145 0.129 0.112
(Release Rate) (77.2 %) (86.8 %) '
. . Xe-131 12.7 13.6 12.2
Zirconia Type - 3 .
800T) Isotopic  xe 132 18.4 19.5 19.1
Abundance
(%) Xe-134 25.9 27.0 251
Xe-136 43.0 399 43.6

L. SRACOEEHREA 5. P TRIFRERE 2RV THTAD S50%REDRHEL % o
TWAY. 100%EBE D%V, T/, XeDREMALE, WEL IC—HEHLTwLY, B
ADEPTIES BN, RENLEELHL I ICBEDNA,

ORIGEN2D 51t . BREEEEASSRACE 1) B %A/ 8 B » TV AFE T, XeDEME HSRAC
BT 2 s TR, VAT RIBERMTE, REFEF10%2E2BATLI>TW
2. FIR4EILIZSRACI NS L EF TR LFMEMBE OMICEND S,



JAERI-Research  97-051

Topo ordwitg HYAS WM pajenore)
(ordures wmruonig ad£]. euoyy, o3e1g pug) smsde)) uoneipeny o) apisur enoadg A31ouyg uonnoN [-¢ 31

(A8) AB1aug ucnnap

Z+30°L 9+30°L  §+30°L $+E0°L £430°L £+H0°L b+30°L 0+do’L 130 2-30°F €-30°L ¢330k §-30°1

[T T | LAALLL

LA e AR SN [T T

................................ %510 e|dweg nd adi ) euoy |

gsepn sldwes ——————

20.nog Alepunog Jaing

g+30°0

2-30'S

1-30°L

1-35°%

1-30°2

1-39°¢

1-30°6

1-35°¢

(uun Aelyque) ABieayieT Jad xnj4 uoinan




JAERI-Research  97-051
4. BIMEFNEEBVWESRACIC & 5 BIGEER
4. 1 HEHMEFNCLIFEFE

%m%?muﬁwf%‘ﬁ%bt%%k%¢ﬁ%i%»¥~XN7%wm%%%?»aﬁ)
T@éoﬁﬁﬁm‘ﬁﬂ#wzlhmﬁw%?»ma‘@mﬁwﬁﬁmEK£%ORMHMﬁ
iL1%%%%@%W@E%®ﬁ%mgynvF%ﬁ%btﬁﬁﬁwﬁﬁﬁﬂ%?%%
SKMHM@%%#T&HVU%)O%CT\%®%ﬁf7&aV%%wf\FU?%%ﬂk
Vw3:7%ﬁﬂ‘ﬁmu‘7WIyz%:ﬁ(mv%%)KOWT\%ﬂawﬁﬁ%%%E
BT D o 7-ETE % 2B A, BAHEE1000T NEEHI D W THT o 72, BHRET W #Fig. 4-112
R I
%K\%%ﬁ@ﬁﬁﬁ@ﬁ*ﬁ&%fﬁbto%%%TWTi‘%ﬁn;éﬁﬂ#wxwg
RHSEH B TR AT, TV T S AES 5 (Co) DF v vBeHAED SEI LB FRIC—
B2 LS LI ERORBIREEL TV, EI5, ZOROWET—FDRELICED,
@Eﬁtéhfwt%¢ﬁ%ﬁ®ﬁﬁﬁt<&<‘M%f~&#6£%m%%ﬂ%%ﬁ%ﬁ\
FNITYRE =y DR ETFERICL AFNFRIKIGETSH S LA TP 272, #HLVWETER
%TM‘7»lyx%;§%%®ﬁﬁ\%ﬁﬁ\ﬁw%ﬁai&&<%ﬁﬁﬂbib%o%l
o RETELRATNIY RELY (Co-59) DEMBIATHA & hikF A 5D L & i
L. ZOMEDPHEETHS W nEE — ﬁ?%lﬁuﬂﬁfwﬁﬁﬁ% 5= 72 (Appendix-B
ZH)

o

4. 2 FHEMEFMILIEHERR

FEHREE1000C O E2 B BFFIZOVT CEEHIE OV L B5E TV O EAR O L % Table

QT?OFUTATH\%ﬁﬁ#ﬁA%&&bx%5%?»®%Lﬂ%&&ofw%om4w
@3&D%Eﬁtﬁﬁth&ﬁw@%%ﬂ&woﬁﬂ#—zﬁﬁf®£¢ﬁ%ﬁﬁiw%¢%
FHAYLSEE o THB Y, SORD CREEOFERRAIRECEILL, ZOEILRE
HEFELZBERE LTIE. HETNVOEREIIBVT,

(UFU7%ﬁﬂt9w::7%ﬁﬂﬁﬁﬁﬁﬁ%éﬂfw%K%##b%f\%ﬂ%ﬂ@ﬁ
LSS AT ICATV. BB DAY P VKT A THMREER LI L

(bﬂ%&ﬁ%&@ﬁ%ﬁ%k&ot%¢ﬁ?ﬁﬁ\ﬂ%ﬁﬁ7»1y1%:7ﬁﬁwﬁfﬁ
BOI L. SMETIRERE S - A SR TEETY L RPETREMEHLZZL

(%7W1VZ%iﬁwﬂ%ﬁ#BE%f&Wﬁﬁﬁ?%%%ﬁb\:ﬂ%%kﬁtf%ﬁf
DBHEEFERDTLESTI L,

O, ZEBPEILNS,

(D2 2VTid, BHEEFVORE LBHEFNVOEE L TPu-2390I 70 Wi EAE & LB 5
SR EVEMTEL D, EF VMBI AR OEE YV I = TRTWLRRELNL D
PO, T RTEEEALEN, COZELL, TOORRMERLICNY R 22 L OBE
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BARELRVWEHEITE S,

QD F I o WTIE, ST FATO T VI v AEZFE ERB T — A0 PHRPETR
CRBRET A LICLWEMTES, FAMTVYAEZS b RS - ADOBBHTREEREN
9&n3mmﬁw&umn4mmﬁ@f,W%mkg&ﬁw@&mo:@:tﬁ%h(mwﬁﬁm
B2 1283w EHRTENL,
(muomff%éﬁ‘7?v71%:&@wa®&m$?%%%km%@&%ﬁ%ﬂ?é
SRk h . BEEFAVHETH VTV EREE THLHREr — A BPETHE L, FME
PN TR SEIC R o TLE>TWAZ bt HELEE LTHAL TW7.0E+13 (m/em?
Qtw5%¢%%KVNw%ﬁmwat:t‘oiMamﬁﬁﬁ%g%fwﬁﬁugwaﬁ
KOMETH-7-LEBEbsb, '

Table 4-1 Comparison of Calculated Values between Detailed and Simple Models

. Detailed Simple (Detailed)
Region Ttem . o ]
Calculation Calculation /(Simple)
‘Burnup (Pu-239 %) 5141 % 35.40 % 1.45
Theria Type - 2 Total Flux 2.492E+14 1.564E+14 1.59
Pu Sample
(1000T) Pu-239 Ga (b) 304.27 306.05 0.99
Pu-239 Gf (b) "208.64 209.14 1.00
Burnup (Pu-239 %) 45.54 % 3437 % 1.32
Zirconja Type - 2 Total Flux 2.278E+14 1.541E+14 1.48
Pu Sample :
(1000C) Pu-239 Ga (b) 271.20 289.97 0.94
Pu-239 Gf (b) 185.13 197.76 0.94
Fluence Monitor Total Flux 2.114E+14 _— _—
(Co-39) Thermal Flux 9.793E+13 — o
1.423E+14
] 1.54
(Thoria)
Total Flux 2.186E+14
1.427E+14
27E+ 1.53
Sample Case (Zirconia)
(Mo} 7.000E+13
] 1.47
(Thoria)
Thermal Flux 1.030E+14
1000Ef13 47
(Zirconia)
Burnup: Values after 4 cycles irradiation
Other Items: Values before irradiation

Unit of Neutron Flux: (n/em? s)
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5. MVPIC &L B3EtEEFVDRET

MVPI— F#H\WT, SRACHE BEF VTRV ZIACHEEREF VL, BREy 720
DEIEHREESE, RS- 2O SEHE TR TN Ho 2T T VOERIE 2410, 1506
N7-Pu-2390) 2 7 TRTIERED BB 21T - 720 LRTEHBEE T VIESRACEE(F —~TH % (Figs.
2-7,2-8% BMR) . 3RTEEETN % Fig. 5-117. M8 R % Table 5-11277 7. BMELA MUK
2, WTFNOEE 7 — X 340,000,000t A ) TH b,

Table 5-1 Pu-239 Microscopic Cross Section Calculated with MVP (barn)

Cal. Case Total Nu*Fissicn Fission Elastic SC Capture

1D Thoria-2 3321364402 6.48970d+02  225272d+02  7.86361d+00  9.84385d+01
900K (1.307%) (1.332%) (1.333%) (0.875%) (1.415%)

D Thoria-2  3.77715d+02  7.37114d+02  2.55917d+02  8.14265d+00  1.13179d+02
900K (1.223%) (1.242%) (1.2429%) 0.601%)  (1.328%)

SFEEEI0KD. P TFRIBBOLRTEF N EIRTEFVOToal liHHE = LB 5 &\

fjtjn-’::—r)v@jfybw@lo%d\étcfﬁa oTWwh, Zhid, LRICETFTIVTIE, Hﬁgq‘fr—dvj’mvm
EEPEFORESANORISZETE 20, ERIL DV IARZ PUMFELIFES R

'cwét&béz%;uan%o TDIENS, smc*cwﬁ%ﬁcoﬁ%#%i EBRDEL RSB
AR L T AR B L

PLELE MR IL . 300K 900KD2 47 — AT DWW TEER T4, 37 0MERCEA L
MUY RITTEFN, ZRTLETFT VIR E (v, J i, Pu-2390 lEEEA94% £ 1w (L B
ﬂ¢kﬁ%%#ﬁ&h&@infw&wtbk%i%n%o
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450 {mm)
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Inner Pipe Quter Pipe
Reflection Pipe Heat Transfer Medium

130.
(a) Outside the Sample Case

Fuel Pin Tube —

Pellet Case —

Inside the Sample C
®) Ins o Sample e (¢} Vertical Cross Section of the Sample Case

Fig. 5-1 3-D Calculation mode! of 2nd Stage Irradiation Capsule for MVP
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PuStEL OBBESHE TIE, RS ¥ TR VA R LRTEMEARRIGEINT 2MERTBEETIL L.
o VA ERICID RS BMEMEE T VICE G RV, FERRORBET -7
FOER. Pu-23900 3 7 URTERKIZ, BHEF NV EFMETVOMIIKE LBV ERP o7,
7 BBIHEEFLCBVT, IMVLVAESSNBORPUHTR 2FAS — A0ZHTY
BT ER TR T A B oV T A MBI Z ko 2. 2L, MBRTRETILC
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73BT E, Pu-2390) 3 & RTEIAR R RREREE % KIRISA/NGEET A C &AM o 7o THUE,
HEEAS AT oL 72IRR-3D BHIL AR U o & FEHMEF TH Y . BEBOARY P —fH%
PWRODTFLARYZ P LY I PR VELPWIZDTH L,

SRACTEHE L 7-Pu-239 M 3 7 T WilEFE % 18 L TORIGEN2IZ & 5 BtH 217 » 725/ E 14,
SRAC L EREOFTEERFIFEON L,

MVPI— KiZX 1), SRACHFEE FVORLEORIET 7. TOMR, IRLETNVD
Pu-2393 7 OWEREAKRTTE TV E 1§ bL0BRENEREE L o TVA I LUz TH
X, BEE vy 7ELOEEE, BEFOOBETEFOA P -IVIPERTEY, Lo L
B . IRTEFATRIOHEFZETE VLB LEILNLL, ZOMEPHIEL, SRAC
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Appendix-A T4 75 EELE B BEORBEDEILIZOWVT

SRAC!Z & ¥, JENDL-3.2, JENDL-3.1, JENDL-2% F W TPu-2390 1 BRI FE % RO THeE L
toit‘C@%Eﬁ%ﬁﬁLT\OMGBQKI%1%47»%@&@%%%ﬁ%ﬁm\%ﬁ

EOREZITo7,
Table A-1 T4 75} O@WIZ L BBREEEDEN
by SRACT R 72 RIS AAI —BHETTE R () ORIGEN?2 T 03 R I8 EF
Capture Fission N2N {144 27 V5 Pu-239%)
JENDL-3.2 9.691E+01 2.091E+02 1.077E-03 9.86
JENDL-3.1 9.698E+01 2.090E+02 1.139E-03 9.86
JENDL-2 9.642E+01 2.179E+02 3.432E-03 10.10

JENDL-3.2 ¥ JENDL-3.1TitlE & A E#id v, 72, JENDL-2i, BAAZEEEI RO T A
751 L h HE|AKEDT, THICEILVWEEELS (22T,
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Appendix-B 7L I>ZXE-ZZDOAUEMEE . HAEROHHINDRRILICONT

Hﬁﬂwﬁ%%%M%?%B%f‘7»17X%:7ﬁﬁﬂ7—1¢ﬂﬁﬁéh\ﬁﬂﬂb
EL%\ﬁyvﬁ%ﬁﬁwwﬁﬁM%ﬁgﬁuinﬁbhﬁ%7wlyz%:5wﬂﬁd\%
¢ﬁ%@K3NWF\%ﬁ*ﬁ?%@ﬁ?%%ouTK\%@%E%w%ht%ﬁﬁﬁlﬁﬁ
ﬁ%ﬁ%%?o:@mJﬁﬁ\¢%47»&btb%%ﬁﬁbﬂfwé:k%%§b\#OE
mm;é7w1yX%:9&ﬁ(ttzﬁm&w)@ﬁ%%ﬁﬁ#é:kuiofﬁﬁn%o

. 4 — —_— . .
r 1 1 K At "'Zl exp(—A 1), (B-1)
N, o, a0 €Y 1l- exp(-4-1,) = exp(d-1)

o, bR A EERE - A CERE SN T UL FES S IIY TR, PCo () #0Co G
T T B0Coht. LS. 274 THRING 51.173MeVD y BIZDOWTEHET 5.

N, . ConE-F# 2.53E+15
o, . Co-59DWR LR TR 37 (barn)

a . CodDCo-59DF{EL , 1.0

K 1.173MeV® y #ETHCE 52.1 (cps)

e . 1.173MeV® y HOMZE (HEEH 200 mm) 2.7E-4

Y, : Co-6001.173MeV® y HHHF 0.999

A o Co-60DHREER 4.1698E-9 (s'1)
t, . FEEoFHHEE 300 (s)

t, o REOREERH Table B-1

1 BEOGEIRER Table B-1

™

KW A 7 N TORBEREE 1, & B ENRR £, % Table B-1127R 7 o

Table B-1 &34 7 VDT NIy AT s ONRFHEE & 5 IR

No. of Irradiation Cycle  Irradiation Time (s) Cooling Time (s) LI exp(— A1)
i/l

(I=) ki . = exp(A-1.),

2 2152080 40346880 7.550E-3

4 2165400 34298880 7.791E-3
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F 7 Co-60MF Mo L CEIERM 1, X T E DTS (B-N)FAATBECEI,

A-t,

=1.0
1—exp(-4-1,)

kb,
PlLEn B X UHRERFEHT L

(,b =7.07E+13 (n/cmzs)

b,

e o RREHECRRIEERIL, T O7.0TE+137%% hEFEOBEEE S, SRACHZET VT
OEFETHRBEN ORI O H L. IR, gLy oL BB FREROE=S L L
CHEHSNTERDTHD, DI, Co-S90 B #E o, 12 b, fERE D HZEZL D
BCeHWONTE BB THEDITanEEA LTV 5,

L Lidith, STOBE TR, I/ FEZF DA FIgHFEEISLTBLT, BlEs
7oy WEMBE S O BP T ESSEIMET A C Pzl v, S0, AEOHIES LR
BIEFBEHTHILIIHEY, I2 T COFEM CRD2T.0TE+I3E WO B, EL VB
MIFROBEFE LRV, ELCHE oaazilir\w#j‘—ﬁﬂ:iﬁé1%%%1%}?@%@@%%%
Ao T REERETRET ARETH L,

SUIFEE F A BV TR, BT ER L7. (B-DEo s, WK o, Co
DEFHEN,. CofiDCo-59DFFAEIL a 2 HIT 5 r@-2)REnn, Thid, £TAVF BT
FHIZ L HCo-SINIBEERTAE RS,

At 4] —exp(—A 1),
X 2 + ! B-2
g-Y l-exp(-4-1,) [z:;‘ exp(A-1.), B2

Y

¢.N0.ga.a:

:@ﬁﬁ%@‘ﬂ%ﬁ%%ﬂtyﬁ%ﬁﬁ%ﬁb<ﬁﬁbf%%ﬂ%\E%&%ﬂiﬁﬁéo
17 L.y REHEORE (REMEFELET) LCo-0NLRMFNEFMERDRE, B
CB-DREH OB I HV R L ARETFATY 2, A EFN TR, TVIVAE
—y b, FOWMBEENT AT £ CHERRICI) 2D b, 22T, AREDEIELNL T
LIy RS O AR s & O BRI B R ) D TRIGER R RO
- OERTIE S 5B R KER LB L (% b &) R ER ORI R LT,

L

seamer 5LIC L ARHETIE, T2REO IV MERY (Co-59) DEXNRIMTEBEASHTE Lo
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Fig. B-1ICH2B 3k r —AWD o/3V b E= S (Co-59) @728 HAEHRI O FERNRILKTH R &
%:&W@#ﬁ%l%wﬁwa7bw%ﬁ?oC@nﬁﬁﬁ%%ﬂﬁw%%:5®2N7F
VTIBICEHT B L, FOfER.

o] =1.236E + 2 (barn)

a,total

Y d, T BB (0.602 eVELT) KOWTOREENT S &

O, ., =2.539E+]1 (barn)
Lhb, T, YMBEWTWE (=37 barn) IZHRTHEDAE (o TR A, Z i,
C&ﬂ@%ﬁ%ﬁ%ﬁ%@‘%ﬂ%ﬁ%?%%@1N7PWﬁﬁ&oTwéltﬁﬁﬁ&%i%

Nh. cHOZ Lhbd, BHTRE Sy ORSHLE» S HETRELREHUT S HEICE, £0
e AT L TERICEE SN ENNER A ERT A PEETHD Z L HERR S NS,
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